. Aortic valve from a sea lion with endocarditis. Note the thickening of the valve due to infiltrated necrotic cellular debris, degenerated inflammatory cells, and bacterial colonies. HE. Bar ϭ 100 m. tion of 1 dermal leiomyosarcoma, 1 have not been reported in ferrets. The objective of this study was to characterize the histologic, immunohistochemical, and clinical features of dermal leiomyosarcomas in ferrets.
A search was performed in the databases of Idexx Veterinary Services (West Sacramento, CA) and of Northwest ZooPath (Snohomish, WA) for specimens submitted from January 1, 1993, to August 1, 2001 , and from November 6, 1994 to August 1, 2001 , respectively. Tissues were submit- ted fixed in 10% buffered formalin and were then trimmed, embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin (HE). Paraffin blocks from 11 tumors were available for immunohistochemistry. The tumors were stained for smooth actin a (ready-to-use solution), desmin a (1: 40 dilution), and vimentin b (1:100 dilution) using a standard immunohistochemical method. 6 The antibody reaction products were visualized with 3-3Ј-diaminobenzidine tetrachloride and counterstained with Mayer hematoxylin. Specificity of the immunoreactions was verified by staining negative and positive control tissue sections. A section of each tumor was stained under identical conditions with unrelated antiserum to detect nonspecific staining.
The search of the databases identified 12 dermal tumors of smooth muscle origin in 12 adult ferrets (3-6-years-old, ϭ 4 years). All tumors were considered malignant based x on a mitotic index of Ն2 mitoses per 10 high-power fields (HPF). 3 Neutered males (n ϭ 8) were overrepresented compared with spayed females (n ϭ 3). Sex was not documented for 1 animal. The tumors did not develop preferentially in a specific anatomic area: 2 tumors were located on the shoulder and 1 tumor originated from each of the following sites: behind the ear, at the tip of the ear, on top of the head, on the side of the neck, over the metatarsus, over the carpus, on the lateral thorax, on the hip, at an unspecified location on a hind limb, and at an undescribed location.
All lesions were predominantly located in the dermis; 4 tumors extended into the subcutis. The tumors were 2-19 mm in diameter ( ϭ 9.7 mm) nodular, densely cellular, and x unencapsulated. Seven tumors were discrete (Fig. 1 ), and 5 tumors were locally invasive. A Grenz zone of variable thickness separated the tumors from the epidermis.
Neoplastic cells formed closely packed interlacing fascicles supported by a small amount of fibrovascular stroma (Fig. 2) . Cell borders were ill defined. Neoplastic cells had a moderate to large amount of cytoplasm that was strongly acidophilic, delicately fibrillar, and without cross striations. Nuclei were central, large, and oval to elongated with blunt ends, coarsely clumped chromatin, and 1 or 2 prominent basophilic nucleoli. The nuclear membrane was occasionally contoured. Anisokaryosis was present in 7 tumors. Mitotic index averaged 7 mitoses per 10 HPF (range, 2-44 mitoses per 10 HPF). Coagulation necrosis at the center of the tumor was present in 8 tumors, and the overlying epidermis was ulcerated in 3 tumors. Seven tumors entrapped hair follicles.
Neoplastic cells stained diffusely and strongly positive for vimentin. Consistent with a smooth muscle origin, 7,13 all but 1 tumor stained strongly and diffusely positive for smooth muscle actin and desmin. Vascular and pilar smooth muscles of the adjacent dermis also showed diffuse cytoplasmic staining with these antibodies.
Follow-up information was available for 5 animals. Local recurrence or distant metastases were not observed. Two animals were euthanized for adrenal disease 2.5 and 7 months after removal of the leiomyosarcoma. One animal developed an adrenal tumor 2 months after removal of the leiomyosarcoma but is still alive. Two animals are still alive and appear healthy 2 and 11 months after tumor excision.
Cutaneous smooth muscle tumors may arise from vascular, arrector pili, or genital deep dermal smooth muscles. 3 Tumors derived from the musculature of blood vessels are termed angioleiomyomas and angioleiomyosarcomas, and those developing from arrector pili muscles are identified as piloleiomyomas and piloleiomyosarcomas. Smooth muscle tumors located in the skin of the genitalia and nipples are named genital leiomyomas and leiomyosarcomas. They are histologically similar to tumors derived from arrector pili muscles, but they are differentiated by their anatomic location.
Histologic features of the dermal leiomyosarcomas from the present study are consistent with those of piloleiomyosarcomas. The entrapment of hair follicles in 7 tumors supports a pilar origin, but direct connection with an arrector pili muscle was not found. The absence of a prominent vascular component differentiated these tumors from angioleiomyosarcomas. 3, 4 Tumors in this series were not located in the genital area or near the nipples, ruling out a diagnosis of genital leiomyosarcoma.
The tumors were categorized as malignant based on a mitotic activity of Ն2 mitoses per 10 HPF. The same criterion is used in humans to differentiate dermal leiomyomas from leiomyosarcomas. 3, 4 Dermal leiomyosarcomas in these ferrets were well differentiated, and most neoplastic cells had the cytologic appearance of smooth muscle fibers. Consistent with well-differentiated neoplasms, excision was curative in all 5 animals for which a follow-up was available. Similarly, well-differentiated piloleiomyosarcomas in humans have a low potential for local recurrence and metastasis. 10 Longterm survival was compromised by the development of an adrenocortical tumor in 3 of 5 ferrets. The development of an adrenal tumor in these animals is considered a coincidental finding, because adrenal tumors are the second most common type of tumor in aging ferrets. 9 There are few differential diagnoses for well-differentiated dermal leiomyosarcomas; the fascicular growth pattern and the large size of the neoplastic cells, their abundant fibrillar acidophilic cytoplasm, and their elongated nuclei with blunt ends are helpful histologic features. In contrast, poorly differentiated dermal leiomyosarcomas may be difficult to differentiate from other spindle-cell sarcomas, including fibrosarcomas and malignant peripheral nerve sheath tumors. In humans, immunohistochemical evaluation aids in establishing a definitive diagnosis in most cases because most dermal leiomyosarcomas are positive for desmin and smooth muscle actin, 7, 12, 15 whereas other dermal and subcutaneous sarcomas are negative. Of the tumors reported here, 1 well-differentiated dermal leiomyosarcoma was negative for these antigens. Smooth muscle fibers from arrector pili adjacent to the tumor and blood vessels within and at the periphery of the tumor were positive for desmin and actin, so the absence of immunostaining in this case may not be attributed to inadequate fixation. This case suggests that definitive identification of some dermal leiomyosarcomas in the ferret may not be possible by immunohistochemistry, and electron microscopic evaluation may be needed to establish a definitive diagnosis. 12 In this limited study, dermal leiomyosarcomas occurred more often in male than in female ferrets. In humans, females are affected more often than males, with a sex ratio of 1.7 11 to 3.7. 10 The cause of this difference is unknown.
